SUMMARY A five-year follow-up of 888 asymptomatic men and women without known coronary heart disease (CHD) who had a maximal treadmill stress test (MTST) revealed a CHD incidence of 1.1% per year. In women, exercise duration of 3 minutes or less by the Ellestad protocol correlated with subsequent development of CHD (p < Studies have revealed that asymptomatic subjects with an abnormal maximal or near-maximal treadmill stress test have a higher probability of developing angina pectoris, myocardial infarction or sudden death than asymptomatic subjects with a normal stress test.1'9
Studies have revealed that asymptomatic subjects with an abnormal maximal or near-maximal treadmill stress test have a higher probability of developing angina pectoris, myocardial infarction or sudden death than asymptomatic subjects with a normal stress test.1 '9 We previously reported the initial results of maximal stress testing in 1077 asymptomatic adults without known heart disease."0 The present report is a 5-year follow-up of this population, correlating the development of coronary heart disease (CHD) with age, sex, duration of exercise, R-wave response and electrocardiographic response. The study is unique in the follow-up of stress testing for women and in the prognostic evaluation of R-wave response and exercise duration in an asymptomatic population without known disease.
Materials and Methods
Between August 1, 1973 and May 15, 1974 , 1077 consecutive asymptomatic adults performed a maximal treadmill stress test (MTST). None were on medications that would affect the electrocardiographic response to exercise. None had left ventricular hypertrophy, bundle branch block or pathologic Q waves on their resting ECG. None had clinical evidence of pulmonary disease or vascular disease by history or by physical examination. No subject was included who developed a morbid arrhythmia, a conduc-tion abnormality, chest pain or any symptom suggestive of angina pectoris during or after the MTST.
All subjects performed the MTST at Memorial Hospital of Long Beach using the Ellestad protocol."1 Subjects were advised not to eat for 12 hours and not to smoke for 2 hours before the test.
Leads CM6 and V1 and a bipolar vertical lead were recorded simultaneously with the subject at rest, sitting, standing, before and after hyperventilation, every minute during exercise, at the end of exercise, and every minute after exercise for at least 6 minutes. The electrocardiographic leads were calibrated before exercise. Lead CM5 was continuously monitored by oscilloscope. The subjects exercised until they reached 100% of their predicted maximal heart rate,'0 overwhelming fatigue, or marked dyspnea with a plateau of the heart rate.
Flat ST-segment depression of 1 mm (0.1 mV) or greater and downsloping of the ST segment were considered a positive MTST response if the ST segment was isoelectric at rest, after standing and after hyperventilation. Resting ST segments were normal in most of the subjects. Subjects with major ST-segment changes at rest were excluded. If there were minor changes in the ST segment before exercise, an additional 1.5 mm of depression at 80 msec from the J point was required to indicate a positive MTST. Jpoint depression with an upsloping ST segment of 1.5 mm or greater depression at 80 msec after the J point was considered an equivocal MTST response.
The R wave was measured from the isoelectric baseline or PQ junction to the R-wave zenith for an average of six beats during the control period and immediately after exercise. An increase or no change in the R wave immediately after exercise compared with control was defined as an abnormal response. A decrease in R-wave amplitude was defined as a normal response.
Between August 1, 1978 and May 15, 1979 , followup was obtained on 888 of the original 1077 subjects (82.5%). Subjects and/or their physicians were contacted by letter and/or telephone to determine whether the subjects had developed angina pectoris, 522 minutes or less vs an exercise duration greater than 3 minutes. The R-wave response did not correlate with subsequent CHD in women. An exercise duration of 3 minutes or less correlated with subsequent CHD in women (chi-square 31.99, p < 0.001).
ST-segment analysis was performed twice after the subjects completed the MTST. However, analysis of the R-wave and exercise duration of the MTST was performed at follow-up. The MTST in 20 subjects, in- Table 5 indicates the percentage of men over age 40 years who did or did not develop CHD within 5 years related to positive vs negative ST-segment criteria, related to an increase or no change in R wave vs a decrease in R wave, and related to an exercise duration of 5 minutes or less vs an exercise duration of greater than 5 minutes. For men over age 40 years, significant correlations were present between subsequent development of CHD and ST criteria (chisquare 7.20, p < 0.01), an increase or no change in the R wave (chi-square 10.62, p < 0.01), and exercise duration of 5 minutes or less (chi-square 27.97, p < 0.001).
When combining either of two MTST criteria in men over 40 years, sensitivity is enhanced (table 6). As sensitivity is increased, specificity is decreased when evaluating either/or combinations. When combining two criteria, with both criteria being present or absent, sensitivity is decreased and specificity is increased (table 7) .
Any one of the three MTST criteria being present had no greater sensitivity (64.7%, Abbreviation: CHD = coronary heart disease. In asymptomatic men older than 40 years, subsequent CHD within 5 years correlates well with an abnormal ST-segment response, an increase or no change in R wave, and an exercise duration of 5 minutes or less. Bonoris, Greenberg, and others have shown the predictive value of the R-wave response as it relates to the concurrent presence of CHD in a population that has known CHD.1'-1 It has also been shown that by using ST segment and/or R-wave criteria together, sensitivity is enhanced, with specificity and predictive value remaining high, as it relates to the concurrent presence of known CHD.16 In our study, sensitivity of ST criteria alone in men older than 40 years (41.2%) or of R-wave criteria alone (47.1%) is enhanced when interpreting a MTST as positive when either criterion is present (64.7%). Adding exercise duration 5 minutes or less as a third criterion for a positive MTST did not change sensitivity.
The association between the predictive value of a positive test and subsequent CHD within 5 years in men over age 40 years was highest when positivity was interpreted as exercise duration of 5 minutes or less (42.9%), exercise duration of 5 minutes or less and an increase or no change in R wave (81.8%), and when all CIRCULATION
